In this paper, we present the concept and implementation issues of an adaptive FEM-BEM coupling method for two -dimensional elasto-plastic analysis. Considerable attention is devoted to the generation and progressive adaption of the FEM and BEM discretizations.
B Ω, with the FEM-BEM coupling interface Γ C . The FEM is utilized in regions where the plastic material behavior is expected to develop. The complementary bounded/unbounded linear elastic region is approximated using the symmetric Galerkin BEM. The coupled FEM-BEM equations, in incremental form, is solved at each iteration using a tangent FEM stiffness matrix K T (see e.g. reference [5] for further details on computational aspects). The coupled FEM-BEM equations for a typical iteration may then be reformulated in the symmetric form
where Ψ is the residual (or out-of-balance) force vector. The subscripts ( ) F and ( ) B indicate the displacement/residual force vectors not associated with the FEM and BEM sub-domains interface, respectively. The subscript ( ) C indicates those associated with the interface Γ C . The matrix presented in (1) is symmetric and positive definite.
Adaptive FEM-BEM coupling method
The basic steps of implementation of our adaptive concept in elasto-plastic FEM-BEM coupling analysis are summarized as follows: 1. Load increment, BEM elastic analysis with an initial BEM discretization: a hypothetical elastic stress state is determined. 2. Detection of regions susceptible for FEM discretization: the hypothetical elastic state of stresses of step 1 is checked against yielding with a pseudo value of the material yield strength.
3. Automatic generation of FEM discretization for the current state of computation: particular regions that violate the modified yielding condition are discretized by the FEM. Consequently, the BEM mesh is generated so as to represent best the remaining bounded/unbounded linear elastic region.
4. Coupled FEM-BEM stress analysis involving elasto-plastic deformations. 5. Next load increment requires a repetition of steps 1-4.
In the remainder of this section we will elaborate more on the determination of the pseudo value of the material yield strength. We assume energy equivalence between the hypothetical elastic and elasto-plastic calculations
where U hyp elastic is the total hypothetical elastic strain energy. Next, we define the total strain energy that is vulnerable for redistribution due to plastic deformations, U dist , as
PAMM header will be provided by the publisher where κ x = 1 if ((σ ij ε ij ) hyp elastic − σ y ε y ) x > 0, otherwise κ x = 0 and σ y is the uniaxial yield strength. Subsequently, we define the pseudo value of the material yield strength as
where c is a constant that depends on the geometry of the stress-strain curve.
Numerical example
The numerical example is a stretched steel plate (width = height = 200 mm) with a circular central hole (radius r = 10 mm) under plane strain condition (benchmark problem in computational plasticity). A surface load P is applied to the plate's upper and lower edges. The applied tractions P = 100 MPa are scaled with a load factor λ. The elastic material properties of the plate are described by Young's modulus (E = 206.9 GPa) and Poisson's ratio (ν = 0.29). Material of von-Mises type is considered (σ y = 450 MPa), with no hardening effect (H = 0), as a yield function. Due to symmetry, only one quarter of the problem is modeled. The problem is solved by means of the adaptive coupling method presented in Section 2. Figure 1 shows the estimates of the regions susceptible for FEM discretization (for selected values of λ). Figure 1 further shows the yielded regions obtained using the adaptive FEM-BEM coupling method. 
Conclusions
The present adaptive FEM-BEM coupling method is practically advantageous as it does not necessitate a predefinition of the FEM and BEM sub-domains. Moreover, the method is computationally efficient as it substantially decreases the size of FEM meshes. The numerical results confirm the effectiveness of the proposed method.
